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1. Bioassays

1.1 Assessment of the inhibitory activity against pancreatic lipase. 

Porcine pancreatic lipase was used to evaluate the inhibitory activity of the monascus 

pigment derivatives. p-Nitrophenyl butyrate (p-NPS) was used as the substrate. Firstly, 

an enzyme-buffer solution was prepared by adding 30μL of lipase solution (in 10 mM 

morpholine propane sulfonic acid (MOPS) and 1 mM EDTA, pH 6.8) to 850 μL of 

Tris buffer (100 mM Tris–HCl and 5 mM CaCl2, pH 7.0). Pigment solutions were 

prepared by dissolving each pigment in a mixture (1:1) of ethanol and distilled water. 

Subsequently, 100 μL of the pigment solution was mixed with 880 μL of the 

enzyme-buffer solution. Following incubation of the enzyme-pigment mixture for 15 

min at37 ℃, 20 μL of the substrate solution (10 mM p-NPB in dimethyl formamide) 

was added. Enzymatic reactions were conducted for 15 min at 37 ℃. The hydrolysis 

of p-NPB top-nitrophenol was monitored at 400 nm using a spectrophotometer. One 

unit of the enzyme was defined as the amount required to liberate 1 mol of 

p-nitrophenol under standard assay conditions. 

Reference: K. Wei, G. Q. Wang, X. Bai, Y. F. Niu, H. P. Chen, C. N. Wen, Z. H. Li, Z. 

J. Dong, Z. L. Zuo, W. Y. Xiong, J. K. Liu, Nat. Prod. Bioprospect. 2015, 5, 129-157 
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1.2 Results of the inhibitory activity against pancreatic lipase of compounds 1-16. 

Compound Concentration 
(μM) 

PPL inhibitory rate 
(%) 

IC50 
(μM) 

Orlistat 

0.005 86.024 

0.0018 0.002 51.526 

0.001 28.284 

Vibralactone 

10000 91.800 

48.668 
1000 87.038 

100 57.678 

10 33.130 

1 

50 71.318 

23.061 10 26.847 

2 5.197 

2 50 -13.600  

3 50 -14.573  

4 

50 84.188 

20.580 10 22.026 

2 -27.792 

5 

50 78.439 

28.619 10 -3.936 

2 -22.889 

6 50 19.483  

7 

50 89.319 

16.813 10 31.203 

2 -24.384 

8 50 45.843  

9 

50 79.213 

23.189 10 17.979 

2 -16.907 

10 

50 67.824 

19.812 10 36.842 

2 -35.413 

11 

50 60.084 

11.108 10 49.160 

2 8.359 

12 50 18.841  

13 50 -35.847  

14 50 -34.719  

15 50 -2.875  

16 50 -8.293  

Note: The compounds which PPL inhibitory rate less than 50% on the concentration 50 μM were not to test their IC50 values. 
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1.3 Cytotoxicity assay. 

The following human tumor cell lines were used: HL-60, SMMC-7721, A-549, 

MCF-7, and SW-480. All cells were cultured in RPMI-1640 medium (Hyclone, Logan, 

UT, USA), supplemented with 10% fetal bovine serum (FBS, Hyclone) at 37 oC in a 

humidified atmosphere with 5% CO2. Cell viability was assessed by conducting 

colorimetric measurements of the amount of insoluble formazan formed in living cells 

based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) (Sigma, St. Louis, MO, USA). Briefly, 100 μL of adherent cells was 

seeded into each well of a 96-well cell culture plate and allowed to adhere for 12 h 

before test compound addition, while suspended cells were seeded just before test 

compound addition, both with an initial density of 1 ×105 cells/mL in 100 μL of 

medium. Each tumor cell line was exposed to the test compound at various 

concentrations in triplicate for 48 h, with cis-platin and paclitaxel (Sigma) as positive 

control. After the incubation, MTT (100 μg) was added to each well, and the 

incubation continued for 4 h at 37 oC. The cells were lysed with 100 μL of 20% 

SDS-50% DMF after removal of 100 μL of medium. The optical density of the lysate 

was measured at 595 nm in a 96-well microtiter plate reader (Bio-Rad 680). The IC50 

value of each compound was calculated by Reed and Muench’s method.  

References：a) M. C. Alley, D. A. Scudiero, A. Monks, M. L. Hursey, M. J. 

Czerwinski, D. L. Fine, B. J. Abbott, J. G. Mayo, R. H. Shoemaker, M. R. Boyd, 

Cancer Res. 1988, 48, 589-601; b) J. J. Zhang, X. W. Yang, J. Z. Ma, X. Liu, L. X. 

Yang, S. C. Yang, G. Xu, Nat. Prod. Bioprospect. 2014, 4, 73-79. 
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2. Semisynthesis of compound 1 from vibralactone.

2.1 From vibralactone to 

(1R,5S)-1-(3-methylbut-2-en-1-yl)-7-oxo-6-oxabicyclo[3.2.0]hept-2-ene-3-carbaldehyde 

(17) 

To a solution of vibralactone (16 mg, 0.077 mmol) in CH2Cl2 (1 mL) was added PCC 

(17.2 mg, 0.080 mmol). The mixture was stirred at 0 oC for 30 min, during which the 

progress of the reaction was monitored by TLC. The reaction mixture was passed 

through a short silica gel pad (eluent: ethyl acetate) and then purified by prep-HPLC 

[method: 30-50% (acetonitrile/water), 20 min, 8 mL/min, detected UV wavelength: 

205 nm, 247 nm, tR = 9.85 min] to afford 17 (12.4 mg, 78% yield): 1H NMR (600 

MHz, acetone-d6): δH 6.93 (s, H-2), 2.88 (overlapped, H-4a), 2.94 (dd, J = 19.0, 13.0 

Hz, H-4b), 5.08 (d, J = 5.5 Hz, H-5), 2.64 (dd, J = 15.0, 7.4 Hz, H-8a), 2.78 (dd, J = 

15.0, 7.4 Hz, H-8b), 5.21 (br. t, J = 7.4 Hz, H-9), 1.68 (s, 3H, H-11), 1.71 (s, 3H, 

H-12), 9.86 (s, H-13).  

Reference: M. Y. Jiang, F. Wang, X. L. Yang, L. Z. Fang, Z. J. Dong, H. J. Zhu, J. K. 

Liu, Chem. Pharm. Bull. 2008, 56, 1286-1288. 

2.2 From 

(1R,5S)-1-(3-methylbut-2-en-1-yl)-7-oxo-6-oxabicyclo[3.2.0]hept-2-ene-3-carbaldehyde 

(17) to vibralactoxime A (1a) 

A solution of NH2OH·HCl (4.6 mg, 0.067 mmol) and sodium acetate (5.5 mg, 0.067 

mmol) in EtOH/H2O (1:1, 0.6 mL) was added dropwise to a solution aldehyde 17 (6.8 

mg, 0.033 mmol) in EtOH (0.3 mL) at 0 oC. The mixture was stirred at 0 oC for 20 

min, during which the progress of the reaction was monitored by TLC. The mixture 

was concentrated under reduced pressure then purified by prep-HPLC [method: 30-50% 

(acetonitrile/water), 20 min, 8 mL/min, detected UV wavelength: 247 nm, tR = 15.6 

min] to afford 1a (6.56 mg, 90% yield). 

Reference: R. A. Aungst, Jr, C. Chan, R. L. Funk, Org. Lett. 2001, 3, 2611-2613. 
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Figure A. 1H NMR spectrum of 17 (600 MHz, acetone-d6). 

 

 

Figure B. 1H NMR spectrum of 1a (600 MHz, acetone-d6) 
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Figure C. The CD and UV spectra of vibralactone (solvent: MeCN). 
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Figure D. The CD and UV spectra of 1 (solvent: MeCN). 
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Figure E. The CD and UV spectra of synthesized 1a (solvent: MeCN). 
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3. Representative HPLC spectra of some final compounds. 

The HPLC profile were carried out on an agilent 1100 liquid chromatography system equipped 

with a Zorbax SB-C18 column (4.9 × 150 mm, particle size 5μm) and a DAD detector. 

Acetonitrile and water were used as the mobile phase. The method used to analyze these 

compounds was as follows: 

Time B% (Acetonitrile) Flowrate (mL/min) 

0 0 1 

12 100 1 

15 100 1 

18 0 1 

The detected wavelength of these compounds were at 247 and 205 nm. 

Figure F. HPLC spectra of compound 1 (tR = 8.71 min). 

 

Figure G. HPLC spectra of compound 2 (tR = 8.07 min). 
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Figure H. HPLC spectra of compound 4 (tR = 9.82 min). 

 

 

Figure I. HPLC spectra of compound 6 (tR = 8.92 min). 
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Figure J. HPLC spectra of compound 8 (tR = 9.19 min). 

 

 

Figure K. HPLC spectra of compound 13 (tR = 8.73 min). 
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Table 1S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 1 and 2 in acetone-d6. 

No. 
1 

 

2 

δC, type δH, multi. δC, type δH, multi. 

1 76.5, s  

 

66.7, s  

2 131.3, d 6.04, s 

 

136.4, d 6.06, s 

3 141.1, s  

 

138.5, s  

4 36.7, t 2.88, d (19.2) 

2.94, dd (19.2, 5.4) 

 

39.9, t 2.54, dd (17.0, 1.8) 

2.84, overlapped 

5 78.9, d 4.97, d (5.4) 

 

78.5, d 4.27, ddd (6.0, 5.9, 1.8) 

7 172.4, s  

 

173.5, s  

8 28.0, t 2.52, dd (15.0, 7.4) 

2.67, dd(15.0, 7.4)  

35.7, t 2.20, dd (13.9, 7.6) 

2.62, dd (13.9, 7.6) 

9 118.5, d 5.19, t (7.4) 

 

120.4, d 5.06, t (7.6) 

10 136.4, s  

 

134.9, s  

11 18.0, q 1.66, s, 3H 

 

17.9, q 1.57, s, 3H 

12 25.9, q 1.70, s, 3H 

 

26.0, q 1.66, s, 3H 

13 146.5, d 7.99, s 

 

147.3, d 7.93, s 

7-OCH3 
 

 

 

51.6, s 3.63, s, 3H 

N-OH 
 

10.53, s, 

 
 

10.20, s 

5-OH 
 

 
  

4.18, d (5.9) 
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Table 2S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 3 in acetone-d6. 

3 

No. δC, type δH, multi. No. δC, type δH, multi. 

1 77.1, s  1′ 61.4, s  

2 138.9, d 6.48, s 2′ 64.9, d 3.77, s 

3 139.3, s  3′ 65.3, s  

4 36.6, t 3.08, dd (18.4, 5.8) 

2.99, d (18.4) 

4′ 37.2, t 2.44, dd (15.2, 6.1) 

2.10, d (15.2) 

5 79.1, d 5.08, d (5.8) 5′ 76.8, d 3.95, dd (7.5, 6.1 ) 

7 171.7, s  7′ 168.7, s  

8 28.0, t 2.74, dd (14.8, 7.5) 

2.60, overlapped 

8′ 32.8, t 2.60, overlapped 

2.23, dd (14.3, 7.5) 

9 118.4, d 5.20, br.t (7.5) 9′ 118.8, d 5.16, br. t (7.5) 

10 136.8, s  10′ 136.4, s  

11 18.1, q 1.67, s, 3H 11′ 18.1, q 1.63, s, 3H 

12 26.1, q 1.71, s, 3H 12′ 26.0, q 1.69, s, 3H 

13 154.2, d 8.44, s 13′ 64.0, t 4.49, d, (12.5) 

4.20, d (12.5) 

CH3CO- 20.6, q 2.07, overlapped* 

 

  

CH3CO- 170.8, s  

 

  

5′-OH  2.98, d (7.5) 
 

  

Note: * overlapped in solvent residual peaks. 
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Table 3S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 4 and 5 in acetone-d6. 

No. 
4 

 

5 

δC, type δH, multi. δC, type δH, multi. 

1 77.0, s   77.0,s  

2 138.9, d 6.48, s  138.6,d 6.46,s 

3 139.2, s   139.3,s  

4 36.5, t 3.08, dd (19.0, 5.7) 

2.97, d (19.0)  

36.5,t 3.08,br.dd(18.7,5.8) 

2.97,d (18.7) 

5 79.0, d 5.07, d (5.6)  79.1,d 5.07,d (5.8) 

7 171.6, s   171.6,s  

8 27.9, t 2.73, overlapped 

2.59, overlapped 
 

27.9,t 2.72,overlapped 

2.58,dd (15.5,7.5) 

9 118.3, d 5.20, br. t (7.4)  118.3,d 5.20,br.t (7.5) 

10 136.7, s   136.7,s  

11 18.0, q 1.67, s, 3H  18.1,q 1.67,s, 3Ha 

12 25.9, q 1.71, s, 3H  25.9,q 1.71,s, 3Hb 

13 154.3, d 8.45, s  154.0,d 8.42,s 

1′ 67.5, s   66.9,s  

2′ 149.4, d 6.82, s  143.8,d 6.56,s 

3′ 115.0, s   137.2,s  

4′ 43.3, t 3.11, dd (17.6, 5.8) 

2.61, dd (17.6, 1.7)  

39.8,t 3.00,dd(17.0,6.0) 

2.68,d(17.0) 

5′ 77.8, d 4.44, ddd (5.8, 5.7, 1.7)  78.6,d 4.45,br.t (6.0) 

7′ 168.2, s   168.3,s  

8′ 34.8, t 2.74, overlapped 

2.33, dd (14.2, 7.8)  

34.8,t 2.75,overlapped 

2.34,dd (14.5, 7.5) 

9′ 119.0, d 5.11, br. t (7.8)  119.2,d 5.12,br.t (7.5) 

10′ 136.3, s   136.3,s  

11′ 18.0, q 1.60, s, 3H  18.0,q 1.59,s, 3Ha 

12′ 26.0, q 1.68, s, 3H  26.0,q 1.69,s, 3Hb 

13′ 116.8, s   155.0,d 8.40,s 

1″    67.4,s  

2″    149.5,d 6.83,s 

3″    114.9,s  

4″   

 

43.3,t 3.11,br.dd(16.4,6.0) 

2.62,d (16.4) 

5″    77.9,d 4.43,br.t (6.0) 

7″    169.1,s  

8″   

 

35.3,t 2.76,dd(14.5,7.5) 

2.33,dd (14.5,7.5) 

9″    119.7,d 5.12,br.t (7.5) 

10″    135.7,s  

11″    18.0,q 1.61,s, 3Ha 

12″    26.0,q 1.67,s, 3Hb 

13″    116.8,s  

5′-OH  4.83, d (5.7)   4.61,d (6.0) 

5″-OH     4.82,d (6.0) 

Note: a Interchangable; b Interchangable 
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Table 4S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 6 and 7 in acetone-d6. 

No. 
6 

 

7 

δC, type δH, multi. δC, type δH, multi. 

1 77.0, s   77.0, s  

2 138.2, d 6.44, s  138.6, d 6.46, s 

3 139.5, s   139.3, s  

4 36.5, t 3.07, br. dd (19.0, 5.6)  

2.97, d (19.0)  

36.5, t 3.07, ddd (18.8, 5.5, 2.2) 

2.97, d (18.2) 

5 79.1, d 5.06, d (5.6)  79.1, d 5.07, d (5.6) 

7 171.7, s   171.6, s  

8 27.9, t 2.72, overlapped 

2.58, dd (15.0, 7.5) 
 

27.9, t 2.72,overlapped 

2.58, dd (15.0, 7.3) 

9 118.3, d 5.20, br. t (7.5)  118.3, d 5.20, br. t (7.5) 

10 136.7, s   136.7, s  

11 18.0, q 1.66, s, 3H  18.1, q 1.67, s, 3H 

12 25.9, q 1.71, s, 3H  26.1, q 1.71, s, 3H 

13 153.7, d 8.38, s  154.0, d 8.42, s 

1′ 65.5, s   66.8, s  

2′ 125.1, d 5.67, s  143.0, d 6.52, s 

3′ 146.1, s   137.5, s  

4′ 41.6, t 2.72, overlapped 

2.35, br. d (16.5)  

39.9, t 3.00, ddd (17.7, 6.5, 2.3) 

2.68, d (17.7) 

5′ 79.1, d 4.29, br. t (6.5)  78.7, d 4.43, ddd (6.5, 6.0, 2.3) 

7′ 170.5, s   169.1, s  

8′ 35.8, t 2.65, overlapped 

2.21, dd (14.3, 8.0)  

35.3, t 2.75, dd (15.0, 7.2) 

2.32, dd (15.0, 8.2) 

9′ 120.6, d 5.12, br. t (8.0)  119.8, d 5.15, br. t (7.5) 

10′ 134.7, s   134.6, s  

11′ 18.1, q 1.58, s, 3H  18.1, q 1.59, s, 3H 

12′ 26.1, q 1.67, s, 3H  25.9, q 1.67, s, 3H 

13′ 61.7, t 4.14, dd (14.0, 5.5) 

4.10, dd (14.0, 5.5)  

154.3, d 8.34, s 

1″    65.4, s  

2″    125.2, d 5.67, s 

3″    146.0, s  

4″   

 

41.6, t 2.72, overlapped 

2.37, d (16.0) 

5″    79.2, d 4.29, ddd (6.2, 6.2, 3.0) 

7″    170.6, s  

8″   

 

35.7, t 2.65, dd (14.0, 7.0) 

2.22, dd (14.0, 8.0) 

9″    120.7, d 5.14, br. t (7.5) 

10″    135.6, s  

11″    18.0, q 1.59, s, 3H 

12″    26.0, q 1.67, s, 3H 

13″   

 

61.7, t 4.12, dd (14.0, 5.5) 

4.13, dd (14.0, 5.5) 

5′-OH  4.24, d (6.5)   4.59, d (6.0) 

5″-OH     4.24, d (6.0) 

13′-OH  3.91, t (5.5)    

13″-OH     3.91, t (5.5) 
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Table 5S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 8 and 13 in acetone-d6. 

No. 
8 

 

13 

δC, type δH, multi. δC, type δH, multi. 

1 77.0, s   67.2, s  

2 138.4, d 6.46, s  144.1, d 6.49, s 

3 139.4, s   136.9, s  

4 36.5, t 3.07, br. dd (19.0, 5.6)  

2.97, d (19.0)  

39.7, t 2.94, overlapped 

2.61, overlapped 

5 79.0, d 5.07, d (5.6)  78.5, d 4.34, overlapped 

7 171.7, s   172.9, s  

8 27.9, t 2.72, overlapped 

2.58, overlapped 
 

35.4, t 2.66,dd (14.0, 7.7) 

2.25, dd (14.0, 7.7) 

9 118.3, d 5.20, br. t (7.5)  120.0, d 5.06, br. t (7.5) 

10 136.7, s   135.2, s  

11 18.1, q 1.67, s, 3H  18.1, q 1.58, s, 3H 

12 26.0, q 1.71, s, 3H  26.0, q 1.66, s, 3H 

13 153.8, d 8.40., s  154.6, d 8.33, s 

1′ 66.3, s   66.2, s  

2′ 135.6, d 6.11, s  135.8, d 6.11, s 

3′ 139.1, s   139.0, s  

4′ 40.1, t 2.90, overlapped 

2.60, overlapped  

40.1, t 2.89, overlapped 

2.61, overlapped 

5′ 78.7, d 4.36, ddd (6.0, 6.0, 2.7)  78.7, d 4.35, overlapped 

7′ 169.6, s   169.7, s  

8′ 35.6, t 2.72, overlapped 

2.27, dd (14.0, 8.0)  

35.6, t 2.71, dd (14.0, 7.6) 

2.27, dd (14.0, 7.6) 

9′ 120.1, d 5.12, br. t (7.5)  120.2, d 5.13, br. t (7.6) 

10′ 135.3, s   135.2, s  

11′ 18.0, q 1.58, s, 3H  17.9, q 1.59, s, 3H 

12′ 25.9, q 1.66, s, 3H  26.0, q 1.67, s, 3H 

13′ 147.2, d 7.95, s  147.2, d 7.96, s 

N-OH  10.26, s   10.26, s 

5-OH     4.36, overlapped 

5′-OH  4.42, d (6.0)   4.41, d (6.0) 

7-OCH3    51.8, q 3.64, s 3H 
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Table 6S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 9 and 14 in acetone-d6. 

No. 
9 14 

δC, type δH, multi. δC, type δH, multi. 

1 77.0, s  67.3, s  

2 138.6, d 6.46, s 144.3, d 6.49, s 

3 139.3, s  136.8, s  

4 36.5, t 3.07, dd (19.1, 5.6) 

2.97, d (19.2) 

39.7, t 2.94, dd (17.0, 5.2) 

2.62, d (17.0) 

5 79.1, d 5.07, d (5.6) 78.4, d 4.34, overlapped 

7 171.6, s  172.9, s  

8 27.9, t 2.58, overlapped 

2.72, overlapped 

35.4, t 2.66, overlapped 

2.25, dd (14, 8.0) 

9 118.3, d 5.20, t (7.5) 120.0, d 5.06, t (7.5) 

10 136.7, s  135.2, s  

11 18.1, q 1.66, s, 3H 18.0, q 1.57, s, 3H 

12 26.0, q 1.71, s, 3H 26.1, q 1.65, s, 3H 

13 154.0, d 8.42, s 154.6, d 8.35, s 

1′ 66.8, s  66.7, s  

2′ 143.3, d 6.54, s 143.5, d 6.54, s 

3′ 137.4, s  137.3, s  

4′ 39.8, t 3.00, dd (16.0, 6.0) 

2.68, overlapped 

39.8, t, 2.99, dd (16.7, 6.0) 

2.67, overlapped 

5′ 78.7, d 4.43, ddd (6.0, 6.0, 2.3) 78.6, d 4.42, overlapped 

7′ 169.1, s  169.2, s  

8′ 35.3, t 2.75, overlapped 

2.32, dd (14.2, 8.0) 

35.3, t 2.75, dd (14.0, 7.0) 

2.30, overlapped 

9′ 119.8, d 5.12, t (7.5) 120.2, d 5.13, t (7.5) 

10′ 135.6, s  135.5, s  

11′ 18.0, q 1.59, s, 3H 18.1, q 1.59, s, 3H 

12′ 26.0, q 1.67, s, 3H 26.1, q 1.67, s, 3H 

13′ 154.5, d 8.35, s 154.8, d 8.36, s 

1″ 66.2, s  66.2, s  

2″ 135.7, d 6.12, s 135.7, d 6.12, s 

3″ 139.0, s  139.0, s  

4″ 40.1, t 2.90, overlapped 

2.61, overlapped 

40.1, t 2.91, overlapped 

2.62, overlapped 

5″ 78.7, d 4.36, ddd (6.0, 6.0, 2.8) 78.7, d 4.35, overlapped 
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7″ 169.7, s  169.7, s  

8″ 35.6, t 2.72, overlapped 

2.28, dd (14.2, 8.1) 

35.6, t 2.73, overlapped 

2.27, overlapped 

9″ 120.2, d 5.13, t (7.5) 119.9, d 5.13, t (7.5) 

10″ 135.2, s  135.2, s  

11″ 18.1, q 1.59, s, 3H 18.1, q 1.59, s, 3H 

12″ 25.9, q 1.66, s, 3H 26.0, q 1.67, s, 3H 

13″ 147.2, d 7.96, s 147.1, d 7.96, s 

5-OH    4.42, d (6.0) 

5′-OH  4.60, d (6.0)  4.57, d (6.0) 

5″-OH  4.42, d (6.0)  unobserved 

N-OH  10.25, s  10.26, s 

-OCH3   51.8, q 3.64, s, 3H 
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Table 7S. 1H (600 MHz) and 13C NMR (150 MHz) spectral data of 10 in acetone-d6. 

No. δC, type δH, multi. No. δC, type δH, multi. 

1 77.0, s  1″ 66.7, s  

2 138.6, d 6.46, s 2″ 143.5, d 6.54, s 

3 139.3, s  3″ 137.4, s  

4 36.5, t 3.07, dd (19.0, 6.0) 

2.97, d (19.0) 

4″ 39.8, t 3.00, overlapped 

2.69, dd (17.0, 10.0) 

5 79.0, d 5.07, d (5.6) 5″ 78.7, d 4.43, overlapped 

7 171.6, s  7″ 169.2, s  

8 27.9, t 2.72, overlapped 

2.58, dd (15.0, 7.4) 

8″ 35.3, t 2.76, overlapped 

2.33, dd (14.5, 7.8) 

9 118.3, d 5.20, t (7.5) 9″ 119.9, d 5.13, t (7.5) 

10 136.7, s  10″ 135.6, s  

11 18.0, q 1.59, s, 3H 11″ 18.1, q 1.60, s, 3H 

12 25.9, q 1.71, s, 3H 12″ 26.1, q 1.66, s, 3H 

13 154.0, d 8.42, s 13″ 154.6, d 8.36, s 

1′ 66.8, s  1′″ 66.2, s  

2′ 143.4, d 6.54, s 2′″ 135.7, d 6.12, s 

3′ 137.4, s  3′″ 139.0, s  

4′ 39.8, t 3.00, overlapped 

2.69, dd (17.0, 10.0) 

4′″ 40.1, t 2.90, overlapped 

2.61, d (16.2) 

5′ 78.7, d 4.43, overlapped 5′″ 78.6, d 4.36, ddd (6.0, 6.0, 2.5) 

7′ 169.1, s  7′″ 169.7, s  

8′ 35.3, t 2.76, overlapped 

2.33, dd (14.5, 7.8) 

8′″ 35.6, t 2.74, overlapped 

2.28, dd (14.8, 8.2) 

9′ 119.8, d 5.13, t (7.5) 9′″ 120.2, d 5.12, t (7.5) 

10′ 135.6, s  10′″ 135.2, s  

11′ 18.1, q 1.60, s, 3H 11′″ 18.1, q 1.67, s, 3H 

12′ 26.1, q 26.1, s, 3H 12′″ 26.1, q 1.67, s, 3H 

13′ 154.7, d 8.37, s 13′″ 147.2, d 7.96, s 

5′-OH  4.60, d (5.5) 5″-OH  4.60, d (5.5) 

5′″-OH  4.43, overlapped N-OH  10.27, s 
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Table 8S. Characteristic 1H NMR (600 MHz) spectral data of 11, 12, 15 and 16 in acetone-d6. 

No. 11 12 15 16 

H-2 of head unit 6.46, s 6.47, s 6.49, s 6.49, s 

H-9 of head unit 5.20, t (7.5) 5.19, t (7.5) 5.06, t (7.5) 5.06, t (7.5) 

H-13 of head unit 8.41, s 8.42, s 8.35, s 8.35, s 

     

H-2 of tail unit 6.12, s 6.12, s 6.12, s 6.12, s 

H-9 of tail unit 5.12, t (7.5) 5.12, t (7.5) 5.13, t (7.5) 5.12, t (7.5) 

H-13 of tail unit 7.96, s 7.96, s 7.96, s 7.96, s 

     

H-2 of the other unit 6.54, each s, totally 3H, 

overlapped 

6.56, each s, totally 4H, 

overlapped 

6.55, each s, totally 2H, 

overlapped 

6.55, each s, totally 3H, 

overlapped 

H-9 of the other unit 5.13, t (7.5), totally 3H, 

overlapped 

5.13, t (7.5), totally 4H, 

overlapped 

5.14, t (7.5), totally 2H, 

overlapped 

5.13, t (7.5), totally 3H, 

overlapped 

H-13 of the other unit 8.36, each s, totally 3H, 

overlapped 

8.36, s 

8.37, s 

8.38, each s, totally 2H, 

overlapped 

8.36, s 

8.37, s 

8.36, s 

8.37, s 

8.38, s 

N-OH 10.23, s 10.28, s 10.23, s 10.27, s 

OCH3   3.85, s, 3H 3.84, s, 3H 
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4. Supplementary NMR spectra. 

Figure 1S: 1H NMR spectrum of 1 (acetone-d6, 600MHz) 
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Figure 2S: 13C NMR and DEPT spectra of 1 (acetone-d6, 150MHz) 
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Figure 3S: HSQC spectrum of 1. 
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Figure 4S: 1H-1H COSYspectrum of 1. 
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Figure 5S: HMBC spectrum of 1. 
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Figure 6S: ROESY spectrum of 1. 
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Figure 7S: HREIMS spectrum of 1. 
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Figure 8S: Optical rotation of compound 1. 
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Figure 9S: 1H NMR spectrum of 2 (acetone-d6, 600MHz) 
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Figure 10S: 13C NMR and DEPT spectra of 2 (acetone-d6, 150MHz). 
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Figure 11S: HSQC spectrum of 2. 
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Figure 12S: 1H-1H COSY spectrum of 2. 
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Figure 13S: HMBC spectrum of 2. 
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Figure 14S: ROESY spectrum of 2. 
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Figure 15S: HREIMS spectrum of 2. 
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Figure 16S: 1H NMR spectrum of 3 (acetone-d6, 600MHz). 
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Figure 17S: Enlarged view of 1H NMR spectra of 3 (acetone-d6, 600MHz) 
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Figure 18S: 13C NMR and DEPT spectra of 3 (acetone-d6, 150MHz) 
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Figure 19S: Enlarged view of 13C NMR spectrum of 3 (acetone-d6, 150MHz) 
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Figure 20S: HSQC spectrum of 3. 
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Figure 21S: 1H-1H COSYspectrum of 3. 
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Figure 22S: HMBC spectrum of 3. 
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Figure 23S: Enlarged view of HMBC spectrum of 3. 
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Figure 24S: ROESY spectrum of 3. 
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Figure 25S: HRESIMS spectrum of 3. 
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Figure 26S: 1H NMR spectrum of 4 (acetone-d6, 600MHz). 
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Figure 27S: 13C NMR and DEPT spectra of 4 (acetone-d6, 150MHz). 

 



53 

 

Figure 28S: Enlarged view of 13C NMR spectrum of 4 (acetone-d6, 150MHz). 
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Figure 29S: HSQC spectrum of 4. 
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Figure 30S: 1H-1H COSY spectrum of 4. 
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Figure 31S: HMBC spectrum of 4. 
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Figure 32S: Enlarged view of HMBC spectra of 4. 
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Figure 33S: ROESY spectrum of 4. 
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Figure 34S: HREIMS spectrum of 4. 
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Figure 35S: IR spectrum of 4. 
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Figure 36S: 1H NMR spectrum of 5 (acetone-d6, 600MHz). 
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Figure 37S: 13C NMR and DEPT spectra of 5 (acetone-d6, 150MHz). 
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Figure 38S: Enlarged view of 13C NMR spectrum of 5 (acetone-d6, 150MHz). 
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Figure 39S: HSQC spectrum of 5. 
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Figure 40S: 1H-1H COSYspectrum of 5. 
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Figure 41S: HMBC spectrum of 5. 
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Figure 42S: Enlarged view of HMBC spectra of 5. 
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Figure 43S: ROESY spectrum of 5. 
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Figure 44S: IR spectrum of 5. 
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Figure 45S: HRESIMS spectrum of 5. 
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Figure 46S: 1H NMR spectrum of 6 (acetone-d6, 600MHz). 
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Figure 47S: 13C NMR and DEPT spectra of 6 (acetone-d6, 150MHz). 
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Figure 48S: HSQC spectrum of 6. 
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Figure 49S: 1H-1H COSYspectrum of 6. 
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Figure 50S: HMBC spectrum of 6. 
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Figure 51S: Enlarged view of HMBC spectra of 6. 
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Figure 52S: ROESY spectrum of 6. 
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Figure 53S: HRESIMS spectrum of 6. 
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Figure 54S: 1H NMR spectrum of 7 (acetone-d6, 600MHz). 
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Figure 55S: 13C NMR and DEPT spectra of 7 (acetone-d6, 150MHz). 
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Figure 56S: HSQC spectrum of 7. 
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Figure 57S: 1H-1H COSY spectrum of 7. 
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Figure 58S: Enlarged view of 1H-1H COSY spectrum. 
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Figure 59S: HMBC spectrum of 7. 
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Figure 60S: ROESY spectrum of 7. 
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Figure 61S: HRESIMS spectrum of 7. 
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Figure 62S: 1H NMR spectrum of 8 (acetone-d6, 600MHz). 
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Figure 63S: 13C NMR and DEPT spectra of 8 (acetone-d6, 150MHz). 
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Figure 64S: HSQC spectrum of 8. 
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Figure 65S: 1H-1H COSYspectrum of 8. 

 



92 

 

Figure 66S: HMBC spectrum of 8. 
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Figure 67S: ROESY spectrum of 8. 
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Figure 68S: HREIMS spectrum of 8. 
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Figure 69S: 1H NMR spectrum of 9 (acetone-d6, 600MHz). 
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Figure 70S: 13C NMR and DEPT spectra of 9 (acetone-d6, 150MHz). 
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Figure 71S: HSQC spectrum of 9. 
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Figure 72S: 1H-1H COSY spectrum of 9. 
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Figure 73S: HMBC spectrum of 9. 
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Figure 74S: ROESY spectrum of 9. 
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Figure 75S: HREIMS spectrum of 9. 
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Figure 76S: 1H NMR spectrum of 10 (acetone-d6, 600MHz). 
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Figure 77S: Enlarged view of 1H NMR spectra of 10 (acetone-d6, 600MHz) 
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Figure 78S: 13C NMR and DEPT spectra of 10 (acetone-d6, 150MHz). 
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Figure 79S: Enlarged view of 13C NMR and DEPT spectra of 10 (acetone-d6, 150MHz). 
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Figure 80S: HSQC spectrum of 10. 
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Figure 81S: Enlarged view of HSQC spectrum of 10. 
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Figure 82S: 1H-1H COSYspectrum of 10. 
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Figure 83S: HMBC spectrum of 10. 
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Figure 84S: Enlarged view of HMBC spectrum of 10. 
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Figure 85S: ROESY spectrum of 10. 
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Figure 86S: HRESIMS spectrum of 10. 
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Figure 87S: 1H NMR spectrum of 11 (acetone-d6, 600MHz). 
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Figure 88S: Enlarged view of 1H NMR spectrum of 11 (acetone-d6, 600MHz) 

 



115 

 

Figure 89S: HRESIMSspectrum of 11. 
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Figure 90S: 1H NMR spectrum of 12 (acetone-d6, 600MHz). 
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Figure 91S: Enlarged view of 1H NMR spectrum of 12 (acetone-d6, 600MHz) 
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Figure 92S: HRESIMS spectrum of 12. 
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Figure 93S: 1H NMR spectrum of 13 (acetone-d6, 600MHz). 
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Figure 94S: 13C NMR and DEPT spectra of 13 (acetone-d6, 150MHz). 
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Figure 95S: Enlarged view of 13C NMR and DEPT spectra of 13 (acetone-d6, 150MHz). 
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Figure 96S: HSQC spectrum of 13. 
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Figure 97S: 1H-1H COSY spectrum of 13. 
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Figure 98S: HMBC spectrum of 13. 
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Figure 99S: ROESY spectrum of 13. 
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Figure 100S: HREIMS spectrum of 13. 
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Figure 101S: 1H NMR spectrum of 14 (acetone-d6, 600MHz). 
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Figure 102S: 13C NMR and DEPT spectra of 14 (acetone-d6, 150MHz). 
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Figure 103S: HSQC spectrum of 14. 
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Figure 104S: 1H-1H COSYspectrum of 14. 
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Figure 105S: HMBC spectrum of 14. 
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Figure 106S: Enlarged view of HMBC spectrum of 14. 
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Figure 107S: ROESY spectrum of 14. 
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Figure 108S: HRESIMS spectrum of 14. 
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Figure 109S: 1H NMR spectrum of 15 (acetone-d6, 600MHz). 

 



136 

 

Figure 110S: Enlarged view of 1H NMR spectra of 15 (acetone-d6, 600MHz). 
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Figure 111S: HRESIMS spectrum of 15. 
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Figure 112S: 1H NMR spectrum of 16 (acetone-d6, 600MHz). 
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Figure 113S: Enlarged view of 1H NMR spectrum of 16 (acetone-d6, 600MHz). 
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Figure 114S: HRESIMS spectrum of 16. 

 


